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Abstract

Tempesture and elative humidity ae piimary ervironmental &ctos afecting waste pakage corosion
rates or the potentialepositoly in the unsturated Dne & Yucca MountainNevada. Under ambient cortidins,
the repository environment is quite humid. If relative humidity is low enough (<70%), corrosion will be minimal.
Under humid conditions, corrosion is reduced if the temperature is lo®(3x6Wsing the V-TOUGH code, we
model thermo-hydrological flow to investigate the effect of repository heat on temperature and relative humidity in
the repository for a wide range of thermal loads. These calculations indicate that repository heat may substantially
reduce relative humidity on the waste package, over hundreds of years for low thermal loads and over tens of
thousands of years for high thermal loads. Temperatures associated with a given relative humidity decrease with
increasing thermal load. Thermal load distributions can be optimized to yield a more uniform reduction in relative
humidity during the boiling period.

Introduction

The U.S. Department of Energy is investigating the even for breachhedWPs,waste-brm dissoldion is
suitability of the unsaturated zone (UZ) at Yucca minimal if no mobile liquid water is present. There are
Mountain, Nevada, as a potential site for a high-level two ways to reduc®H on the WP:
nuclear waste repository. To safely and permanently 1. Drive a large fraction of the initial pore water from
store waste, the repository system must limit gas- or the vicinity of the WPs.
liquid-phase transport of radionuclides to the accessible 2. Maintain a steep enough temperature gradient away
ervironment. As regads waste pakage (WP) from the WP.
performance, the repository system must meet the The primary means of reducing the pore water are
regulatory requirements for substantially complete repository-heat-generatedyitig and entilation. To
containment (SCC) and controlled release from the  reduceRH to 70%, the liquid saturatid® (the fraction
engineered barrier system (EBS). A major concern is of the pore space filled with liquid water) must be
how water contacts a WP, thereby affecting its integrityreduced to less than 20%n areal mass loading (AML,
and (if containment is breached) affecting radionuclide expressed imetric tonsof uranium per acraViTU/acre)

dissolution and transport to the water table. The that does not drive repository temperatures well above
degradational mechanisms of greatest concern for WPthe boiling point will only slightly reduce averaggl
integrity, sud as stess and pitting coosion or conditions. Figure 1, based on a repository-scale model

microbial attack, require the presence of liquid water. [2], summarizes the peak temperature and minirRiin
The rates for many of these mechanisms are increasedt the center and outer edge of the repository for a wide
under warm, humid conditions. range of AMLs. Figure Zhased on a dt-scale model

The two primary modes of water contact on the WP [2], summarizs conditions on th&/P for the same
are (1) advective liquid flow and (2) condensation of range of AMLs.
water \vapor on thaVP. The citical factos for thesecond Fluid flow in the UZ & Yucca Mountain iaolves
mode are the relative humidiBH and temperatur€ on  liquid- and gas-phase flow through the fractures and
the WP. Regardless of whether mobile liquid water is the rock matrix. Except for regions with a perched
present, ambierRRH at the repository horizon is 98 to  water teble or duing transient echarge episodes,
99%. If the ambienRH could be sufficiently reduced, capillary forces cause most fractures to be drained of
WP corrosion rates would be minimal [I{loreover, liquid water. Matrix pemeaility at Yucca Mountain



is extremely low, so mdrix flow is of less concer
than fracture flow for water contact by advective
liquid flow and br radioruclide transpot. This water
may arise from three origins:

geochemical, and geomechanical properties that
influence fluid flow and radionuclide transport.
Repository heat also drives buoyant, liquid-phase
conwection in the sarated one (SZ). This convetion
1. Natural infiltration of rainfall and snowmelt. is likely to dominate radionuclide transport in the SZ
2. Condensate generated unbleiling conditions for tens of thousands okwrs [4]. A k, distribution
3. Condensate generated unsign-boiling conditions that facilitates deep convective mixing would result
The first source arises from the ambient system; thein more dilution of radionuclides in the SZ than a
second and third are generated by radioactive decagtagnant water table.
heat, primarily from spent nuclear fuel (SNF). Heat- This paper focuses on the effect of repository-heat-
driven, buoyant vapor flow and the binar diffusion driven gas- and liquid-phase flow @randRH in the
of water vapor and air may play important roles in  repository. Some of the results of this work have been
condenste geneartion [3]. A heteogeneous distbu- applied to a WP performance study described elsewhere
tion of bulk permeabilityk, can influence vapor and in these proceedings [1].
condenste flow, under both boiling and sub-boiling
conditions. Of particular concern dggdistributions
tha promote the écusing of condensa flow, which
could cause water to dip ontoWPs,ewven if average All model calculations were carried out using the
behavior would indicate otherwise [3]. V-TOUGH code [5,6], which models the coupled
Repository heat can result in regions of dry-out artthnsport of water, vapor, air, and heat in fractured
condenste kuildup in the UZ. These dfects,along porous media. Our models include all major
with temperature changes, can alter the hydrologicahydrostratigraphic units in the UZ; these units are

Numerical Models and Assumptions
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Figure 1. Minimum relative humidity and peak temperature at two repository locations as a function of AML for
22.5-yr-old SNF. These curves are based on the disk-shaped, smeared-heat-source model, so they are representative
of average conditions at the respective locations in the repository. The locations are identified as the percentage of the
repository area enclosed, with 0% corresponding to the repository center, and 100% corresponding to the edge.
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assumed to be horizontal and of uniform thickness [2-4fhe temperature gradient near the ground surface by
The repository-scale model also includes the effects ofmore than a factor of 50 relative to ambient ctinds.
heat and fluid flow in the upper 1000 m of the SZ. For The efect of this consemtive assumption is édet

this report, we assumed tHat= 280 millidarcy, and we

(to some degree) by the unconservative assumption of

adopted an initial liquid saturation profile based on a netero net echamge flux.
recharge flux of 0 mm/yr; however, a wide range of other The repository-scale model approximates the three-

conditions has also been considered [2-4].

The initial vertical distribution of temperature in
the models corresponds to the nominal geothermal
gradient. Atmospheic tempesture, gas-phase
pressure, an®&H are fixed at 13C, 0.86 atm, and
99%, respectiely, so tha the damosphee is in
thermodynamic equilibrium with the upper UZ [3].
Under initial conditions, the model therefore allows

dimensional system (at the scale of the mountain) using
an axisymmetric-z coordinate system. Repository heat

is represented by a circular, disk-shaped heat source with
an area consistent with the assumed AML and with the
emplacement of 63,000 MTU of SNF. The repository
heat generation rate is based on a “youngest fuel first”
SNF receipt scenario, with a 10-yr cut-off for the
youngest fuel [called YFF(10)]; it accounts for the

no mass flux of water vapor between the atmospheremplacement of BWR WPs containing 40 assemblies per

and upper UZ. Because actual atmospheric condi-

WP, andPWRWPscontaining 21 assemblies per WP [2].

tions are much less humid than assumed, the modeM/e considered repository areas of 2598, 1755, 1381,

underepresents the difisive loss of vater vapor to
the amosphee. This neglected moistur loss mg be
quite substantialdr highAMLs, which can stepen

1139, 900, 755, 630, 570, and 420 acres, corresponding
to AMLs of 24.2, 35.9, 45.6, 55.3, 70.0, 83.4, 100.0,
110.5, and 150.0 MTU/acre, respectively (Fig. 1).
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Figure 2. Peak temperature and corresponding relative humidity RH on the WP as afunction of AML for 12- and
41-yr-old SNF, based on the drift-scale model. The heat generation rate is for a composite of 21-PWR WPs and
40-BWR WPs with 12-m center-to-center WP spacing or for 12-PWR WPs and 21-BWR WPs with 6.86-m WP
spacing. For an AML of 150 MTU/acre, the WP spacings are 8.84 and 5.05 m, respectively. The center-to-center drift
spacings are 99.0, 66.8, 43.4, 28.8, 21.7, and 21.7 m for AMLs of 24.2, 35.9, 55.3, 83.4, 110.5, and 150.0 MTU/acre,
respectively. Except for 150-MTU/acre and 41-yr-old SNF cases, these cases are described in Ref. 2.
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Drift-scale behavior is represented by a two- For the uniform-AML cases, we find the
dimensional model that incorporates the geometric following trends:

details of theWPs and emplacementifis in a cioss 1. typ increases superlinearly with AML.

section othogonal to the dft axis. As is gpaent in 2.RH at the end of the boiling period decreases with
Fig. 2, conditions on th&/P can be signi€antly increasing AML.

hotter and drier than the average repository dommh 3. RHat the end of the boiling period increases with
shavn in Hg. 1. This is paticulady true for low proximity to the repository edge.

AMLs, or near theeapositoly edge for higherAMLs. The second of theseendsalso leels of a 110 MTU/ace
The dift-scale model gerages theWP head genei- for the inner 75% of the repository; for the outer
tion along the drift axis; this assumption is quite 25%,the tend contimes br higherAMLs.

reasonhble for theWP spacings listed inif. 2. The worsening oT—-RHconditions at the repository

Unlike the repository-scale model, the drift-scale  edge is aesult of two effects. Wile tempeature

model assumes a fixed-property boundary at the  decreasedr the inner 75% of theepository is largely
water table that artificially accelerates the decrease govened ly one-dimesional (vetical) hea flow, heat
repositoly tempeatures after 2000 yr Because the  flow becomes increasingly two-dimensional as the edge
drift-scale model dectively assumes an iifite is approached, thereby imasing the coolingate. This
repository area, it is applicable to the region not edge-cooling efiect reduces both the rgaitude and
affected ly cooling d the epositoly edge. Because  duration of the temperature buildup responsible for

the primary use of this model is for the first several driving moistue away from the repository. Retting

thousand gais (when localWP conditions deate the inner 75% of the repository to ambient (humid)
significantly from average conditions), these two  conditions is also lgrely a one-dimensional pcess,
assumptions do not limit its usefulness. but again the process becomes increasingly two-

dimensional as the edgs pproated This edg-
rewetting efect deceases the timesquired to ead
ambient conditions.

Discussion of Model Results

The pimary ervironmental &ctors afecting The ed@-cooling/ewetting efects can betdeast
WP corrosion in the UZ fiYucca Mountain a pattially offset with a nooniform AML distribution,
temperaure T and relative humidityRH. Extensive in which the localAML increases tewards the
experience with alloys [1] indicates that corrosion repositoly edge. We used an itative process to
generally requireRH > 60% and that the worst optimize theAML distribution to yield a uniérm
conditions occurdr T > 60°C. TheWP corosion distribution oft,, and the duration of reducdrH
model of Stahl et al. [1] shows virtually no corrosionconditions. In the optimized distribution, the local
for RH < 70%, and very low corrosion rates for AML of the inner 75% of the repository is uniform;
70 <RH < 80%. The corosion rte increases for the outer 25%the averageAML is higher by
superlinearly withRH. 63%, and the locaAML increases as the edds

We beagin by examining aerageT-RHconditions  approached. ¥obtained optimiegd AMLs for average
in the repository (Table 1) for three unibrm-AML AMLs of 62.4, 83.1, 96.9, 128.4, and 1743 U/acre.

cases, focusing on valuesRH high enough to result The 128.4-MTU/ac case (dbes 1 and 2) has an
in significant corrosion rates. In general, we find AML of 110.5 MTU/ace for the inner 75%f the
little variation inT andRH for the inner 50% of the  repositoryand an eerageAML of 180.1 MTU/acre for

repository; we also find the following trends: the outer 25%.

1. The duration of reducdgH conditions increases Tables 1 and 2 shw the benéfs of optimizing the
with AML. AML distribution, among which are the following:

2. The temperature associated with a givéh 1. A large increase in the duration of reduédd-
decreases with increasing AML. conditions at the repository edge.

3. The duration of reducelH conditions decreases 2. Lower temperatures at a givhl for the outer
with proximity to the edge. 25% of the repository.

4. The temperature associated with a gikéh 3. A more uniform distribution df, and the duration
increases with proximity to the edge. of reducedRH conditions.
The first and second of theseetrds l@el off at 4. LowerRH at the end of the boiling period for the

110 MTU/acre for the inner 75% of the repository; for outer 25% of the repository.

the outer 25%, the trend continues for higher AMLs.  For the optimized-AML cases, the temperature
Table 2 summarizes the duration of the boiling perioéssociatedvith a givenRH decreases with increasing

top: @andRH conditions at the end of the boiling period. AML; the trend levels off at about 130 MTU/acre.
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The primary motivations for seeking more uniform, containment (SCC) antbntrolledrelease from the
more persistent reducdRH conditionsare to meetthe  engineered baier system (EBS)A parameter stug for
regulatory requirements for substantially complete a wide range of hydrological conditiomslicates that

Table 1. Time to rewet to indicated relative humidity RH at various repository locations, and
temperature when that RH is attained for 22.5-yr-old SNF. Locations are identified as the
percentage of the repository area enclosed, with 0% corresponding to the repository center,

and 100% corresponding to the edge.

Table 1la. AML =55.3 MTU/acre.

Repository Time to rewet to indicated Temperature when indicated
area enclosed relative humidity (yr) relative humidity is attained (°C)
(%) 70% 80% 90% 95% 70% 80% 90% 95%
50 670 1660 3330 4630 106.7 97.2 79.9 72.2
75 410 940 1610 2280 106.7 99.4 88.8 80.5
90 NA2 200 380 490 NA2 102.5 97.3 94.8
97 NA2 NA?2 NA2 NA2 NA2 NA2 NA2 NA2

Table 1b. AML =110.5 MTU/acre.

Repository Time to rewet to indicated Temperature when indicated
area enclosed relative humidity (yr) relative humidity is attained (°C)
(%) 70% 80% 90% 95% 70% 80% 90% 95%
50 15,960 27,910 40,990 49,980 67.7 54.2 45.3 41.7
75 9540 15,520 24,950 32.590 75.5 63.5 53.3 47.7
90 3190 4890 7460 9890 93.1 82.0 73.4 67.9
97 1410 1810 2360 2890 106.4 100.7 93.3 87.7

Table 1c. AML =150.0 MTU/acre.

Repository Time to rewet to indicated Temperature when indicated
area enclosed relative humidity (yr) relative humidity is attained (°C)
(%) 70% 80% 90% 95% 70% 80% 90% 95%
50 20,630 34,850 50,920 64,150 67.8 52.3 445 40.8
75 16,400 24,520 32,700 43,360 70.1 59.1 50.9 46.1
90 8660 12,090 16,520 19,780 80.9 72.0 64.1 59.1
97 4330 6020 8180 10,060 92.7 84.3 76.8 72.2

Table 1d. Nonuniform, optimized AML = 128.4 MTU/acre.

Repository Time to rewet to indicated Temperature when indicated
area enclosed relative humidity (yr) relative humidity is attained (°C)
(%) 70% 80% 90% 95% 70% 80% 90% 95%
50 17,860 32,330 49,080 61,000 66.9 50.7 49.2 38.7
75 14,820 25,470 37,760 44,290 69.2 55.2 46.8 43.8
90 10,470 15,280 21,040 28,070 75.5 65.8 57.7 51.2
97 6330 8830 11,710 14,380 84.6 76.6 69.7 64.9

a8 Not applicable; relative humidity always greater than indicated value.
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during the boiling period, becauseandRH are near the edge of a high-AML repository, conditions on
strongly thermodynamically controlled,andRH are  the WP can bsignificantly hotter and der than
much less affected ly hydrological variability than avera@ conditions (comparFgs. 1 and 2).Tabe 3
during the posboiling period, particularly for high summarizes the conditions on the WP. The repository-
AMLs. Consequently, during the boiling period, an scale model predicts a peak temperaiysg= 66°C and
optimized-high-AML repository may result in uniform, no reduction irRH for the 24.2-MTU/acre repository
reducedRH conditions, which would delay the onset of (Fig. 1). However, for 12-yr-old SNF, the drift-scale
significant WP corrosion. If these observations are ~ model predictdpeax= 17C°C on the WP (Fig. 2), arlRH
supported byn situ heater testing at Yucca Mountain, is relatively low for hundreds of years (Table 3a). For
they will help meet the SCC requirement [7]. 41-yr-old SNF,Tpeaxis only 104C on the WP; however,
Although average repository conditions may remain RH is reduced to 43% (Fig. 2) and below-ambiehi
substantially drier than ambient well beyond the end ofpersists for thousands of years (Table 3a). To avoid
the boiling period, rewetting to ambidRH will occur boiling conditions for low AMLS, a combination of the
nonuniformly because of hydrological variability and  following will be required: (1) SNF aging, (2) closely
edge-cooling/ewetting efects. BrAMLs that result spaced dfts, (3) WPs with wer assemlies, and
in significantRH reduction, repository temperatures (4) drift ventilation schemes.
become uniform earlier than tiRH distribuion. For The repository-scale model @dictsTyeax= 110C
low AMLs that never significantly redud@H, variations andRH < 70% for 670 yr for the inner 50% of the
in T are insufficient to cause much variability in WP 55.3-MTU/ace repository (Tabe 1a). Havever,
corrosion rates [1]. fe WP corosion model of Stahl for 12-yrold SNF the dift-scale model pedicts
et al. [1]shows greater variability in WP corrosion ratesTpeak = 180°C on the WP an&H < 70% r 8890 yr
for the 55.3-MTU/acre repository (which has medium (Table 3b). for 41-yr-old SNFTpeak= 112C on the
rewetting times) than for th&4.2-MTU/acre repository WP andRH < 70% br only 580 yr In geneal, T-RH
(which has ndRH redudion). For 55.3 MTU/acre, the behavior on theWP is \ery sensitve to SNF ge for
variability in corrosion ite aises lagely from the low to intemedige AMLs. For highAMLs (e.g.,
variability in rewetting time. This is even more the casd10.5 MTU/ace), this behaior is much less sensitie
for higher AMLs, which have longer rewetting times  to SNF a@e (Table 3c).
(Tables 1b and 1c). Increasing the mean rewetting time

increases the range of times of onset of corrosion anc Thermal Management Strategies
(where rewetting is sufficiently delayed) leads to reduc and Hypothesis Testing

corrosion rates associated with humid conditions.

These dfects incease the tempat dispesion of WP For thepotential repositorgystem aYucca Mountain,

failures and thereby cause malispersion of the source there are two end-member thermal management strategies

term for radionuclide transport, which would be more  for awiding the most capsiveWP conditions:

favorable for meeting the controlled EBS release require- 1. Minimize how long a humid repository remains hot.

ment than an ebrnarow distibution of WP failures. 2. Maximize how long a hot repository is not humid.
The foregoing discussion pertains largely to averageThe goal of the first strategy (sometimes called the

repository conditions. For low to intermediate AMLs, ominimally disturbed concept) is to minimize the negative

Table 2. Duration of boiling period, and relative humidity at the end of the boiling period,
for 22.5-yr-old SNF.
Repository Duration of boiling period (yr) and relative humidity (%)

area enclosed at end of boiling period for indicated AML
(%) 55.3 MTU/acre 110.5 MTU/acre 150.0 MTU/acre 128.4 MTU/acre?
50 1760 yr 80.8% 6130 yr 44.3% 9590 yr 46.8% 6980 yr 44.3%
75 1100 yr 83.7% 4290 yr 51.4% 7210 yr 45.1% 5900 yr 44.2%
90 440 yr 92.7% 2870 yr 67.6% 5010 yr 54.1% 4790 yr 49.7%
97 80 yr 98.5% 2150 yr 86.6% 3960 yr 66.8% 3990 yr 57.9%

a Denotes a nonuniform, optimized-AML distribution.
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consequences of a humid repository, including the WP integrity and radionuclide dissolution and transport.
potential for heat-mobilized fluid flow. The goal of the The only conclusive way to address these issues is
second strategy (sometimes called the extended-dry through long-termin situ heater tests [7] and long-term
concept) is to maximize the fraction of WPs that remairmonitoring of the thermo-hydrological behavior of the
dry until they become relatively cool. repository system.

All these calculations depend on limited site data and
on idealized models that have not been validated.
Hypothesis tests [3,7] help build confidence in our
ability to conservativelypredict performance. For Temperature and relative humidity are primary
the xtended-dy repositoly, the citical questions environmental factors affecting waste package corrosion
involve how confidently we can predict the extent ofrates at Yucca Mountain. Under ambient conditions, the
above-boiling temperatures, whether such conditiongepository environment is quite humid. There are two
correspond to aufficient reduction inRH near WPs, end-member thermal management strategies for avoiding
and how long rewetting to humid conditions lags  the most corrosive conditions. If the high ambient
behind the end of the boiling period. Hypothesis relative humidity is reduced to below 70%, corrosion
testing can be useful in demonstrating whether the will be minimal. For humid conditions, corrosion can be
repository system can satisfy the requirements of reduced if the temperature is kept belo#®0 Thermo-
SCC and EBS controlled release. For the minimallyhydrological model calculations indicate that repository
disturbed epositoty, hypothesis testing can drkss heat may result in a substantial reduction in relative
whether under sulboiling conditions, heat-mobilized humidity on the waste package, with a duration of
water vapor and condensate flow significantly affects hundreds of years for low AMLS, and tens of thousands

Conclusions

Table 3. Time to rewet to indicated relative humidity RH on WP, and WP temperature when
that RH is attained. See Fig. 2 for assumptions.
Table 3a. AML =24.2 MTU/acre; 99-m drift spacing.

SNF Time to rewet to indicated Temperature when indicated

age relative humidity (yr) relative humidity is attained (°C)

(yr) 60% 70% 80% 90% 60% 70% 80% 90%
41 90 220 640 2110 87.5 77.0 70.0 54.1
12 220 300 600 2320 116.8 108.7 101.7 94.8

Table 3b. AML =55.3 MTU/acre; 43.4-m drift spacing.

SNE Time to rewet to indicated Temperature when indicated

age relative humidity (yr) relative humidity is attained (°C)

(yr) 60% 70% 80% 90% 60% 70% 80% 90%
41 90 580 1010 1550 110.6 106.5 101.1 92.3
12 1710 8890 16,770 27,640 112.2 62.5 45.9 36.3

Table 3c. AML =110.5 MTU/acre; 21.7-m drift spacing.

SNF Time to rewet to indicated Temperature when indicated

age relative humidity (yr) relative humidity is attained (°C)

(yr) 50% 60% 70% 80% 50% 60% 70% 80%
41 10,630 17,180 23,190 28,720 67.0 53.5 46.2 42.2
12 16,090 20,120 23,110 26,100 59.8 53.4 50.5 47.6




of years for highAMLs. Moreover,the tempestures 2. Busdied, T.A., J.J Nitao,and SF. Saellie,
associated with a given relative humidity decrease “Evaluaion of Thermo-Hydmlogical Performance
with increasingAML. For low to intemedide AMLs  in Support of the Thermal Loading Systems Study,”
(<70 MTU/acre), temperature and relative humidity American Nuclear Societia Grange Rark, IL,
on the waste paelge are very sensitive to the age of thBroceedings Fth Intemational High-Level Radioative
spent nuclear fuel; for high AMLs, they are much less Waste Mangement Conferenckas Vegas, NV, May
sensitive to fuel age. 1994. Also, Lawrence Livermore National Laboratory,
AML distributions can be optimized to yield a large, Livermore, CAJUCRL-JC-1153521994).
uniform reduction in relative humidity during the boiling
period of a high-AML repository, thereby substantially 3. Busdedk, T.A., and JJ. Nitao, “T he Impact of
delaying the onset of significant waste package Buoyant Gas-Phase Flow and Heterogeneity
corrosion. Although averag repository condtions Thermo-Hydrological Behavior at Yucca Mountain,”
may continue to be much drier than ambient for tens ofAmerican Nudear SocietyLa Grange Rark, IL,
thousands of years after the boiling period, rewetting taProceedings Fifth International High-Level Radioactive
humid conditions will occur nonuniformly because ofWaste Management Conferentas Vegas, NV, May
hydrological variability and edgeeoling/rewetting 1994. Also, Lawrence Livermore National Laboratory,
effects. Increasing the mean rewetting time increases Livermore, CAJUCRL-JC-1153511994).
the range of times of onset of corrosion, and (where

rewetting is sufficiently delayed) leads to reduced 4. Buscheck, T.A., and J.J. Nitao, “Repository-Heat-
corrosion rates associated with humid conditionsese Driven Hydrothermal Flow at Yucca Mountain, Part I
effects will dely the onset ofadioruclide release Modeling and Analysis,Nuclear Technolog$04(3),

and will contribute to greater temporal dispersion of 418-448 (1993).
the source term for radionuclide transport. If these
observations are supported by site characterization 5. Nitao, J.J., “V-TOUGH - An Enhanced Version of
data andin situ heater testing at Yucca Mountain, they the TOUGH Code 6r theThemal and Hydologic
will help demonstrate that the repository system could Simulation of Large-Scale Problems in Nuclear Waste
meet the regulatory requirements of substantially Isolation,” Lawrence Livermore National Laboratory,
complete containment and controlled release from the Livermore, CA,UCID-21954(1989).
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